In this paper we briefly review the current status of the Cosmic Microwave Background (CMB) observations, summarising the latest results obtained from CMB experiments, both in intensity and polarization, and the constraints imposed on the cosmological parameters. We also present a summary of current and future CMB experiments, with a special focus on the quest for the CMB B-mode polarization.
Introduction
In the last years, a series of high-quality cosmological data sets have provided a consistent picture of our universe, the so-called concordance model. This model presents a flat universe with an energy content of about 70 per cent of dark energy, 25 per cent of cold dark matter and only around 5 per cent of baryonic matter. The data also indicate that the primordial density fluctuations are primarily adiabatic and close to Gaussian distributed with a nearly scale invariant power spectrum.
The Cosmic Microwave Background (CMB) observations are playing a key role in this era of precision cosmology (for a recent review see [7] ). The data collected from a large number of experiments measuring the intensity and, more recently, the polarization of the CMB anisotropies are in very good agreement with the predictions of the inflationary paradigm. Most notably, the NASA WMAP (Wilkinson Microwave Anisotropy Probe) satellite, launched in June 2001, has constrained the cosmological parameters down to a few per cent [36] . The detection of the E-mode polarization of the CMB, first by DASI [38] and later by a handful of experiments, also provided strong support to the concordance model. R.B. Barreiro Instituto de Física de Cantabria (CSIC-UC), Avda. de los Castros s/n, 39005 Santander (Spain), e-mail: barreiro@ifca.unican.es
The major challenge in current CMB Astronomy is the detection of the primordial B-mode polarization, which would constitute a direct proof of the existence of a primordial background of gravitational waves, as predicted by inflation. A large effort is currently being put within the CMB community in order to achieve this goal. Some experiments are already putting limits on the amplitude of the B-mode, while many others are in preparation. Complementary, a good number of CMB experiments are dedicated to the study of the CMB at very small scales, which will provide very valuable information about secondary anisotropies, such as those due to the Sunyaev-Zeldovich (SZ) effects or gravitational lensing. Moreover, the ESA Planck satellite [69] , that has been launched in May 2009, will provide all-sky CMB observations, both in intensity and polarization, with unprecedented sensitivity, resolution and frequency coverage.
Another very active field of research is the study of the temperature distribution of the CMB. The standard inflationary scenario together with the cosmological principle predict that the CMB anisotropies should follow an isotropic Gaussian field. However, alternative theories predict the presence of non-Gaussian signatures in the cosmological signal. Interestingly, different works have found deviations of Gaussianity and/or isotropy in the WMAP data whose origin, at the moment, is uncertain (see [44] for a review and references therein). Future Planck data is expected to shed light on the origin of these anomalies.
The outline of the paper is as follows. Section 2 reviews some recent CMB observational results, both in intensity and polarization. Section 3 discusses current and future CMB experiments, including the Planck satellite.
Observational results
In the last decade, there has been an explosion of data that has allowed a strong progress in the characterisation of the CMB fluctuations. In particular, the unambiguous detection of the position of the first peak by different experiments (Boomerang [20] , MAXIMA [27] ) determined that the geometry of the universe is close to flat. In subsequent years, other experiments such as Archeops [3] , VSA [24] and, most notably, the NASA WMAP satellite confirmed these results, imposing strong constraints on the cosmological parameters. Complementary, other cosmological data sets have also produced very valuable results, e.g. [23, 63, 51, 39, 59] , which can be combined with the CMB to produce even tighter constraints [36] . In addition, a series of experiments are measuring the polarization power spectrum with increasing sensitivity, confirming further the current consistent picture of the universe.
WMAP consists of five instruments (with a total of 10 differencing assemblies) observing at frequencies ranging from 23 to 94 GHz, with a best resolution of 13 arcminutes. The latest published results are based in 5-year of data, although the satellite continues in operation. The WMAP team found that the simple six-parameter Λ CDM model -a flat model dominated by dark energy and dark matter, seeded Table 1 Cosmological parameters, with the corresponding 68 per cent intervals, for the 6-parameter Λ CDM model derived using only WMAP 5-yr data and combined WMAP, baryon acoustic oscillations and supernovae data (see [36] for details). 
by nearly scale-invariant, adiabatic, Gaussian fluctuations -continues to provide a good fit to the data. In addition, the model is also consistent with other cosmological data sets. Table 1 shows the cosmological parameters for the simple Λ CDM model as obtained by [36] using only WMAP and combining data from WMAP, baryon acoustic oscillations [51] and supernovae [39] . Moving beyond this simple model, the combined data set also constrains additional parameters such as the tensor to scalar ratio r < 0.22 (95 per cent CL) and put simultaneous limits on the spatial curvature of the universe −0.0179 < Ω k < 0.0081 and the dark energy equation of state −0.14 < 1 + w < 0.12 (both at the 95 per cent CL). It is also interesting to point out that the best current limit on r from CMB data alone is r < 0.33 (95 per cent CL) obtained using a combination of WMAP, QUAD and ACBAR data [54] , while the tightest constraint obtained directly from the CMB B-mode of polarization has recently been provided by BICEP [9] and is r < 0.73 (95 per cent CL). Fig. 1 shows the temperature power spectrum measured by different experiments. The solid line is the best-fit Λ CDM model to the WMAP 5-yr data, which also agrees well with the additional CMB data sets up to ℓ ≈ 2000. However, some high resolution experiments have found an excess of power at multipoles ℓ 2000, in particular, CBI [66] and BIMA [18] (which observe at 30 GHz) and, at a lower level, ACBAR [58] (at 150 GHz). The spectrum of the reported excess could be consistent with Sunyaev-Zeldovich emission from cluster of galaxies but this would imply a value of σ 8 larger than the one favoured by other measurements [36, 75] . Another possible origin of this excess is the presence of unsubtracted extragalactic sources [70] . Very recently, two experiments, QUAD and SZA, have reported new measurements of the CMB power spectrum at small scales, finding no excess. In particular, QUAD [56] reports that, after masking the brightest point sources, the results at 150 GHz are consistent with the primary fluctuations expected for the Λ CDM model. The SZA experiment [64] , that observes at 30 GHz, finds that the level of SZ emission is in agreement with the expected value of σ 8 ≈ 0.8. The latter work also suggests that the excess found by CBI and BIMA experiments could be due to an underestimation of the effect of extragalactic point sources. In any case, further [48] , CBI [66] , ACBAR [58] , Boomerang [34] and QUAD [54, 56] . The solid line corresponds to the best-fit model obtained using the WMAP 5-yr data [36] .
observations will be needed to clarify the origin of this excess. Regarding polarization, several experiments have obtained very valuable data in recent years, providing a further test of the concordance model. In particular, the large angle anticorrelation seen by WMAP in the cross power spectrum between temperature and polarization (TE) implies that the density fluctuations are primarily adiabatic, ruling out defect models and isocurvature models as the primary source of fluctuations [50] . In addition to WMAP [48] , the TE cross power spectrum has also been measured by a number of experiments: DASI [43] , CBI [65] , BOOMERANG [52] , QUAD [54] and BICEP [9] . A compilation of these measurements are shown in Fig. 2 . Regarding the E-mode of polarization, after its first detection by DASI [38, 43] , several experiments have delivered further measurements covering different ranges of angular scales: WMAP [48] , CBI [65] , CAPMAP [5] , BOOMERANG [46] , QUAD [54] and BICEP [9] . Fig. 3 shows the E-mode power spectrum measured by these experiments, where acoustic oscillations are already seen. Conversely, no detection of the B-mode polarization has been found up to date, although several experiments have imposed upper limits, including the polarization experiments previously mentioned. In particular, BICEP [9] (at scales 1 • ) and QUAD [54] (at scales 1 • ) have recently provided the tightest upper limits for the B-mode power spectrum (for a recent compilation of B-mode constraints see [9] ).
Although most observational results show consistency with the concordance model, it is also interesting to point out that QUAD has recently found some tension between their polarization data and the simple Λ CDM model, which seems to be originated by the TE power spectrum [55] . Although this deviation is not highly significant, it will be interesting to see whether it is confirmed or not by future polarization experiments.
A number of works have also found deviations from Gaussianity and/or isotropy in the WMAP data, including, among others, a large cold spot in the southern hemi- [65] , DASI [43] , Boomerang [52] , QUAD [54] and BICEP [9] . [48] , CBI [65] , DASI [43] , Boomerang [46] , QUAD [54] , CAPMAP [5] and BICEP [9] .
sphere [72, 13] north-south asymmetries [22, 57, 28, 30] , anomalies in the low multipoles [21, 4, 10, 11, 40] , anisotropies in the amplitude and orientation of CMB features [74, 76] , an anomalously low CMB variance [45] or anomalous properties of CMB spots [41, 31, 1] . Although several possibilities have been considered to explain some of the anomalies, e.g. [33, 15, 14, 32, 26] , their origin is still uncertain. The future Planck data, with a larger frequency coverage and better sensitivity than WMAP, as well as a different scanning strategy, will allow one to carry out a more detailed study of the temperature distribution of the CMB, helping to shed light on these results. Different groups have also placed constraints on some physically-motivated nonGaussian models characterised by the f NL parameter [2] finding, in general, consistency with Gaussianity, e.g. [36, 17, 16, 53, 73, 67, 29] . In particular, the best limits up to date are −4 < f local NL < 80 [67] and 151 < f equil NL < 253 [36] , for the local and equilateral models respectively, at the 95 per cent CL. However, [79] have found a deviation from the Gaussian hypothesis at the 2.8σ for the local model, in disagreement with the previous mentioned results. Planck data, as well as future WMAP data with higher sensitivity, will help to confirm or discard the presence of such deviation.
It is also interesting to point out that the CMB polarization, and in particular the TB and EB cross-correlation spectra, can also be used to search for possible signatures of parity violation, e.g. [36, 78] .
Summary of CMB experiments
The most notable CMB experiment to operate in the near future is the ESA Planck satellite [69] , that has been launched in May 2009. Planck will measure the CMB fluctuations over the whole sky, in intensity and polarization, with an unprecedented combination of sensitivity (∆ T /T ∼ 2 × 10 −6 ), angular resolution (up to 5 arcminutes), and frequency coverage (30-857 GHz). The main characteristics of Planck are summarised in Table 2 . Planck will allow the fundamental cosmological parameters to be determined with a precision of ∼ 1 per cent and will set constraints on fundamental physics at energies larger than 10 15 GeV, which cannot be reached by any conceivable experiment on Earth. In addition, it will provide a catalogue of thousands of galaxy clusters through the SZ effect and very valuable information on the properties of radio and infrared extragalactic sources as well as on our own galaxy.
Complementary, a good number of ground-based and balloon-borne experiments are operating, or in preparation, in order to measure the intensity and polarization of the CMB with increasing sensitivity and resolution. Some of these experiments are devoted to the study of the CMB fluctuations at very small scales (a few arcminutes or below) and, in particular, to the study of the CMB secondary anisotropies, including those produced by the SZ effects and gravitational lensing. This will allow a further test of the concordance model as well as to clarify the possible excess a Goal (in µK/K) for 14 months integration, 1σ , for square pixels whose sides are given in the row angular resolution.
of power found at small angular scales by previous CMB observations. Within this type of experiments we can mention AMI [80] , SPT [37] , ACT [61] or AMiBA [77] . However, the major challenge of current CMB Astronomy is the detection of the primordial B-mode polarization, which will imply the existence of a primordial background of gravitational waves, as predicted by inflation. Table 3 summarises some of the main on-going and future experiments targeted to study the CMB Bmode polarization. For comparison, we also include the Planck satellite in the table, as well as the C-Bass experiment which is devoted to the study of the synchrotron polarization and will provide complementary information to other experiments. The different experiments cover a wide range of frequencies, resolutions and technologies and will allow to detect (or to constrain) values of r ≈ 0.01 in the next few years. In addition, design studies for the next generation of satellite missions are being conducted (BPol [19] , EPIC [6] ), which aim to achieve a sensitivity of r ≈ 0.001, provided that foreground contamination can be properly removed. 
Conclusions
During the last years, a consistent picture of our universe, the so-called concordance model, has emerged due to the availability of several high quality data sets. In particular, CMB observations have significantly contributed to improve our description of the universe. However, some fundamental questions still remain to be answered such as which is the nature of dark matter and dark energy, which parameters characterise the inflationary era or which is the origin of the WMAP anomalies. The future CMB data from the Planck satellite, as well as from other CMB experiments, will help to answer these open questions. In addition, the quest for the B-mode of polarization has already started and, if the scalar-to-tensor ratio is r ≈ 0.01 or larger, the primordial background of gravitational waves -expected from inflation -could be detected in the next years. This would constitute a major breakthrough in our understanding of the early universe.
